The purpose of this article was to investigate the influence of additional players and playing position on the network properties during 2x4 minutes small-sided and conditioned games (SSCG) in soccer. Eighteen young soccer players (age 16.4±0.7 years), six defenders, six midfielders, and six forwards, voluntarily participated in SSCGs with different task conditions (4vs.3, with an additional player inside the pitch, 3vs.3+2, with two support players at the side of the pitch, and 3vs.3, numerical equality). General (density, total links and clustering coefficient) and individual (degree centrality, degree prestige, and page rank) network properties were analyzed using the SocNetV® software. Results showed higher values of density (F=59.354, p=.001), total links (F=40.951, p=.001), and clustering coefficient (F=21.851, p=.001) during the 4vs.3 SSCG. Besides, midfielders showed higher values of degree centrality than defenders and forwards (F=10.669, p=.001). Midfielders and forwards also showed higher values of degree prestige than defenders (F=5.527, p=.005). These results indicate that both task condition and playing position influence general and individual network properties during SSCGs. For this reason, it is suggested that both task condition and team composition need to be adjusted to the coaches' purpose for each training session in order to maximize the possibilities of cooperation among the teammates.
Introduction
Soccer players' performance is not solely determined by their individual characteristics, but it is also conditioned by the opposition-cooperation relationship between teammates and opponents during the game (Gréhaigne & Bouthier, 1997) . Research suggests that optimal levels of cooperation among teammates increase the chances of winning soccer games (David & Wilson, 2015) . In this way, the understanding of interactions among players and the proposition of training means to stimulate their cooperative behavior are relevant to soccer training.
Small-sided and conditioned games (SSCG) allow the integration of technical, tactical, physical, physiological, and psychological demands (Aguiar, Botelho, Lago, Maças, & Sampaio, 2012) . In addition, they reproduce unpredictability, randomness, and complexity of the formal match (Travassos, Vilar, Araújo, & McGarry, 2014) . These characteristics require adjustments of decision-making in a context where players are searching for cooperation (teammates) and opposition (opponents) in a way similar to the formal match (Gréhaigne & Bouthier, 1997) . Whereas players' individual performance reflect the level of cooperation among teammates (David & Wilson, 2015) , it is expected that the use of SSGC will improve cooperation patterns between players during the formal match.
In this sense, network analysis has been adopted as a technique to decode, so far unknown, behavioral patterns associated to these cooperationopposition interactions (Cotta, Mora, Merelo, & Merelo, 2013; Gama, Couceiro, Dias, & Vaz, 2015; Marcelino & Sampaio, 2015) . Utilization of technical-tactical actions, such as the pass, as a reference to the interaction between two players, has allowed patterns of cooperation to be detected at a macro level (structure of the network) and also the identification of the prominence levels of specific players during the cooperation process (micro level of analysis) (Clemente, Martins, Kalamaras, Wong, & Mendes, 2015a; Gama, Vaz, Davids, Santos, Figueiredo, & Dias, 2014; Peña & Touchette, 2012) . Previous studies with official matches suggested that greater values of network density and homogeneity in cooperation were associated with the best performances (Clemente, Couceiro, Martins, & Mendes, 2014; Duch, Waitzman, & Amaral, 2010; Grund, 2012) . Moreover, it has also been found that midfielders and external defenders are prominent players during the attack building and during the attack ball circulation, although greater values of degree centrality have been found for forwards in specific teams that act in counter-attack (Clemente, et al., 2015a) . All of these studies were conducted on formal matches and no network analysis was carried out in small-sided and conditioned games, as far as we know. Few studies that have considered collective organization in SSCGs are based on observational analysis and tactical behaviour (Teoldo, Garganta, Greco, Mesquita, & Seabra, 2010; Praça, Folgado, Andrade, & Greco, 2016) . Nevertheless, the conditions used in SSCGs may constrain interactions among teammates and the social network analysis fit for the main goal to determinate the cooperation level (Grund, 2012) .
Some studies have investigated the influence of varying number of players on players' behavior during SSCG with numerical equality (Aguiar, Gonçalves, Botelho, Lemmink, & Sampaio, 2015) . Notwithstanding, during the formal match, a momentary imbalance in the number of players in each team might occur, creating a situation of numerical superiority for one of the teams. Each team strives to create this imbalance near the ball (Hill-Haas, Coutts, Dawson, & Rowsell, 2010) , which is a key principle to achieve the goal of the game. Numerical superiority situations can be partially reproduced during SSCG with additional players inside the playing area (Hill-Haas, et al., 2010) or at the sides of the playing area (Dellal, et al., 2008) , task settings that might induce the appearance of different behaviors (Praça, et al., 2016) .
Moreover, studies on soccer report specific behaviors according to players' playing position (i.e. defender, midfielder, forward) (Bush, Barnes, Archer, Hogg, & Bradley, 2015; Di Salvo, et al., 2007) . Although previous investigations on SSCG consider the playing position as a variable of team composition (Casamichana, Román-Quintana, Calleja-González, & Castellano, 2013; Dellal, et al., 2012) , there is a scarce knowledge on the possible influence this variable might have on players' behaviors. It is suggested that the specific knowledge acquired by a player during the training process in a certain playing position (Kannekens, Elferink-Gemser, & Visscher, 2011) results in different behaviors during the SSCG, including the cooperation patterns established among players to achieve the game's goals. In addition, given the specificity of the playing position of the floaters (Clemente, Martins, Mendes, & Campos, 2015b; Praça, Custódio, & Greco, 2015) , it is suggested that these players might present behaviors different from others and/or alter the cooperation patterns of the teams.
Although previous research has presented broad knowledge on the use of floaters during SSCG, a lack of investigation on the possible alterations in the interactions and cooperation patterns among teammates, being a consequence of the use of these floaters, limits the use of this SSCG to develop behavior patterns transferable to the formal match. Besides, scarce information about the behavioral specificities of players according to their playing position during SSCG limits the knowledge of its potential to develop skills related to each position. In this sense, this study aims to compare network properties of SSCG in task conditions with numerical equality and with additional floater players, and to compare prominence levels of players from different playing positions -defenders, midfielders, and forwards -and their functions -regular players and floater players -during these SSCG.
Methods

Participants
Non-probabilistic sampling was used for the selection of the sample. Eighteen U-17 young male soccer players (age: 16.4±0.7 years), members of the team participating in the national and federated competitions, with a mean experience of 4.2 years in the youth academy, were selected. Players were selected considering their positional roles, excluding those who usually play in more than one position (e.g., midfielders that usually play as forwards). Athletes with recent injuries (last two months) were also excluded. The standard training schedule consisted of 6-8 sessions per week (with an approximate duration of 90 min), in addition to one competitive game per week. The Ethics Committee of the Federal University of Minas Gerais (Protocol No. 29215814.8.0000 .5149) approved this study. All participants and their legal guardians provided free informed consent. The players, their parents and coaches agreed with the protocol description and were notified that they could withdraw from the study at any moment. This study followed the guidelines of the Declaration of Helsinki.
Procedures
First, the Procedural Tactical Knowledge Test (PTKT) (Greco, Aburachid, Silva, & Perez Morales, 2014) was carried out to stratify players into levels according to their procedural tactical knowledge and to create balanced teams. The test encompassed a four-minute game between two teams with 3-a-side. The aim of the game, for the team in ball possession, is to make as many passes as possible, while the defending team tries to recover the ball. To perform the PTKT, athletes were divided into three groups of six athletes in the same playing position (e.g. six midfielders). Each of these groups was randomly divided into two teams (e.g. three midfielders each). These two teams played two games against each other. All games were filmed using a digital camera positioned five meters above the ground from a diagonal perspective. Two observers, experts in the PTKT, classified the athletes into levels of procedural tactical knowledge, based on the count of the following tactical actions: (1) "Player moves around the playing area to receive the ball" (attacker without the ball); (2) "Player passes the ball to a free teammate and prepares to receive the ball again" (attacker with the ball); (3) "Player supports his teammates in defense (defensive coverage) when they are overcome by the opponent" (defender marking an opponent without the ball); (4) "Player supports a teammate in defense when the opponent has difficulty to control the ball" (player marking an opponent without the ball); and (5) "Player induces the opponent to the corners of the playing area" (player marking the opponent with the ball). The Cohen's kappa coefficient presented satisfactory values of 0.844 and 0.806 for intra-and inter-observer reliability, respectively. To calculate Cohen's kappa coefficient, 22.2% (n=4) of the athletes (Tabachnick & Fidell, 2007) were reevaluated by the observers 21 days after the end of analysis (Robinson & O'Donoghue, 2007) .
Finally, players were divided into six teams (Table 1) . Each team was composed of a defender, a midfielder, and a forward. The three best players of each playing position, according to the Procedural Tactical Knowledge test, were assigned to teams A, B, and C, while the three players with the worst performance on the PTKT were assigned to teams D, E, and F. Teams composed of athletes with higher tactical knowledge did not play against teams composed of athletes with lower tactical knowledge in order to avoid the influence of the opponent's level on game performance (Folgado, Duarte, Fernandes, & Sampaio, 2014) .
After these procedures, players were familiarized with the SSCGs with additional "floater" players (on the field and as supporting players at the sides of the field) during the first week. In weeks 2-4, players performed the SSCGs with numerical equality (3vs.3), with support players at the sides of the playing field (3vs.3+ 2), and with an additional "floater" player inside the playing field (4vs.3) three times a week, with an interval of at least 48 hours between them. All SSCG were played in the same pitch, on a natural grass turf, at the same time of the day to standardize the circadian rhythm effects (Drust, Watherhouse, Atkinson, Edwards, & Reilly, 2005) . All rules of the formal match, including the offside, were adopted. In all conditions, the team purpose was to score as many goals as possible in a reduced soccer goal (5m x 2m) defended by a goalkeeper. The order of the task conditions was randomized and balanced throughout the research, in order to ensure that all the teams play against each other the same number of times in all protocols and to distribute different task conditions along the data collection period. No tactical orientation was established neither at the beginning nor during the SSCG.
Each session started with a fifteen-minute standard warm-up, composed of typical soccer movements, such as accelerations with/without the ball, changes of direction, and jumps. After the warm-up, two four-minute bouts of one of the task conditions were carried out, separated by four minutes of passive recovery (1:1 work/rest ratio).
Network analysis
This study followed an observational protocol of a network analysis based on weighted digraphs. In any team sport, the direction of the pass matters and the volume of the passes is also determinant information of the team's dynamics (Clemente, Martins, & Mendes, 2016; Peña & Touchette, 2012) . For that reason, the adjacency matrix used for each observational process followed the recommendations for weighted digraphs analysis (Clemente, et al., 2016 ). An adjacency matrix was built per unit of attack analyzed (a passing sequence without loss of the ball) (Passos, et al., 2011) . A value of 0 (zero) was codified for the case of no passes between the teammates. Complementary, the volume of passes made in the same direction (e.g. two passes from player A to player B and three passes from player B to player A) in a unit of attack was used to codify the relationship between dyads. In the end of each game, a total adjacency matrix was computed (sum of all units of attack that occurred in the game).
An adjacency matrix per each game was obtained and then was processed in Social Network Visualizer (SocNetV 1.9), which is a software to visualize and analyze graphs and digraphs in the social network analysis. Two analyses were conducted in our study: i) analysis of the digraph's structure (general properties of the group); and ii) analysis of the centrality characteristics of players (prominence level of each player in the group). Total links, network density, and clustering coefficient of the group were used as general measures of the network. Degree centrality, degree prestige, and page rank were used as centrality measures of the players' prominence during the units of attack.
General properties of the network Total links
The total links measure can be defined as the absolute and non-repeated number of the total interactions conducted between teammates during a match (Clemente, et al., 2016) . Greater values represent a stronger cooperation among the teammates.
Network density
Network density measures overall affection between teammates and represents proportion of the maximum possible links between nodes (Clemente, et al., 2016) . Values vary between 0 (no density) and 1 (maximal density and affection).
Clustering coefficient
This measure quantifies how close a player and teammates in a graph are to become a clique, thus in team sports it is possible to observe a higher average clustering coefficient compared to random networks, which proves their clustering nature (Peña & Touchette, 2012) .
Centrality measures
Degree centrality This measure quantifies frequency of passes made by a player to teammates. It can be defined as a measure of overall activity during attacking units. Values vary between 0 (no activity) and 1 (maximal and exclusive activity in the network). Players with higher centrality are connected to more teammates than those with lower centrality (Clemente, et al., 2016) .
Degree prestige
This measure quantifies volume of passes received by a player. Values vary between 0 (no activity) and 1 (maximal and exclusive prestige in the network). A higher centrality score of a player indicates that this player is more prestigious or important among the teammates (Clemente, et al., 2016) .
Page rank
In this metric, probability p can be replaced by player-dependent probabilities pi, which would make more sense if certain players are more likely to keep the ball than the others (Clemente, et al., 2016) . Values vary between 0 (no centrality) and 1 (maximal and exclusive popularity in the network).
Data analysis
Assumptions of normality (Shapiro-Wilk's test), homocedasticity (Levene's test) and sphericity (Mauchly's test) were verified and no deviations of normality and homocedasticity were found. Greenhouse-Geisser corrections were used for the repeated measures situations when deviations from sphericity were identified.
The influence of the factors 'task condition' and 'playing position' on the degree centrality, degree prestige and page rank were analyzed using a two-way ANOVA (with repeated measures contrast in the factor task condition). Tukey's post-hoc was used to identify significant differences. The effect size h² p and the confidence interval (95%) were also calculated. The effect size was classified as no effect (h² p <0.04), minimum effect (0.04 <h² p <0.25), moderate effect (0.25 <h² p <0.64) and, strong effect (h² p >0.64) (Ferguson, 2009) .
A one-way ANOVA with repeated measures and Tukey's post-hoc was used to identify the influence of the task condition on the density, total links, and clustering coefficient and to compare the degree centrality, degree prestige, and page rank between floaters and the other players. The effect size h² p partial and the confidence interval (95%) were also calculated. The effect size was stratified in the same way as presented earlier.
In the task condition 4vs.3, the independent t-test was used to verify the influence of the analysis of density, total links, and clustering coefficient with and without the floaters. The Cohen's d effect size and the confidence interval (95%) were also calculated. The effect size was considered trivial (d<0.2), small (0.2<d<0.6), moderate (0.6<d<1.2), large (1.2<d<2.0), very large (2.0<d<4.0), or nearly perfect (4.0<d) (Cohen, 1988) .
All analyses were performed using the software SPSS 20.0. Only the effect size was calculated using the software GPower 3.17 (Beck, 2013) . The level of significance was set at 0.05.
Reliability
Intra-observer and inter-observer reliability analyses were completed to assess reliability of the data. The Cohen's kappa coefficient presented satisfactory values of 0.922 and 0.901 for intraand inter-observer reliability, respectively. This coefficient was calculated after reanalyzing seven (19.4%) SSCGs (Tabachnick & Fidell, 2007) 21 days after the end of the first analysis (Robinson & O'Donoghue, 2007) .
Results
The following tables present the results of this study. Firstly, general network properties are described and compared in the different task conditions (Table 2 ). The general network properties were also analyzed including and excluding the additional floater player during the 4vs.3 SSCG (Table 3) .
Higher values were observed for density (F=59.354, p=.001, strong effect) and total links (F=40.951, p=.001, strong effect) in the 4vs.3 game compared to the 3vs.3 and 3vs.3+2 task conditions. Lower values were observed of clustering coefficient during the 3vs.3+2 game compared to the other task conditions (F=21.851, p=.001, moderate effect). Besides, the network properties in the analysis with and without the additional floater player revealed higher values of total links in the condition with the floater (T=11.621, p=.001, very large effect), indicating that presence of this player influenced the cooperation during SSCGs. Tables 4 and 5 show the centrality measures considering the factors task condition (3vs.3, 4vs.3, and 3vs.3+2 - Table 4 ) and playing position (defender, midfielder and forward - Note. SSCG -small-sided and conditioned game; ES -effect size; SD -standard deviation; ¹ -different from 3vs.3; ² -different from 4vs.3; ³ -different from 3vs.3+2.
of centrality degree than defenders and forwards (F=10.669, p=.001, minimum effect). Midfielders and forwards also showed higher values of degree prestige than defenders (F=5.527, p=.005, minimum effect). These results indicate the prominent level of midfielders when playing SSCGs. Lastly, Table 6 shows the comparison of centrality measures between players from different playing positions and floater players during the 4vs.3 game. Results indicate higher values of degree centrality for the midfielders than for the other positions (F=5.521, p=.003, moderate effect).
Discussion and conclusions
This study aimed to analyze general network properties of small-sided and conditioned soccer games with additional floater players and the centrality properties of players from different playing positions. The results showed that both (task condition and playing position) had influence on the network properties. Specifically, cooperation was increased during 4vs.3 SSCG, and midfielders showed greater prominence levels.
Previous studies have showed that successful teams present the highest levels of network density, total links, and clustering coefficient (Clemente, et al., 2015a; Cotta, et al., 2013; Peña & Touchette, 2012) . Since the ability to increase connections among all teammates results in excellent overall team performance in a tournament 2015a) , it is an important goal of the training process to provide players with conditions in which they can increase their cooperation in order to achieve team targets (such as goal scoring and keeping ball possession). Our results revealed that 3vs.3 SSCG with no floaters had statistically greater values of network density and clustering coefficient than similar format with floaters. On the other hand, the opposite evidences were found in the 4vs.3 formats. It should be considered that the 3vs.3 SSCG represent a balanced format and the use of floaters increase the number of choices for the on ball player, thus reducing the macro levels. On the other hand, in the case of the 4vs.3 SSCG, the floater may help to increase balance in ball circulation for the team in numerical disadvantage; such increase in ball circulation may promote a raise in the individual participation in the attack building. We may hypothesize that for balanced games the use of floaters may increase heterogeneity and can be interesting for the development of specific phases of the game (such as transitions), but it is not appropriate for the improvement of ball circulation and overall participation of teammates during the attack building. Previous studies have shown that in situations with additional players, the context of action demands different decision-making from the defending team . In these games, players must coordinate their defensive actions in order to protect the most vulnerable areas of the pitch, namely those near to their own goal (Praça, et al., 2016) . In response, during the attack, players must improve ball circulation in order to create opportunities to score goals, thus increasing formal interaction between teammates. In this context, the cooperation levels are increased in a response to the behavior of the defending team that acts in a block closer to their goal, allowing more space for the team with the ball to pass in along the 2 nd third of the field. This rationale reveals potential benefits of task conditions with additional players, used to increase the cooperation levels between teammates. Nevertheless, the non-existence of comparative studies makes it difficult to confirm such evidence and, for that, future studies should compare the network macro levels and complementary tactical metrics between match and SSCG in both phases of the match, transition and ball circulation.
Moreover, the influence of playing position on the game demands has been previously reported in literature (Bush, et al., 2015; Di Salvo, et al., 2007) . Although the training process must consider the technical, tactical, physical, and physiological specific demands of the playing position (Bush, et al., 2015; Gonçalves, Figueira, Maças, & Sampaio, 2014; Mallo, Mena, Nevado, & Paredes, 2015) , few studies have considered specific behaviors that players in different playing positions can adopt during different training activities, SSCGs. In this sense, results showed higher prominence levels for midfielders in relation to the other positional roles and floater players, indicating that midfielders are commonly targeted during the offensive phase, regardless of the task condition. During the formal match, the main role of these players is to control the pitch's center by effective inter-player spacing (Kannekens, et al., 2011) , by advancing and keeping the ball and creating passing possibilities to all directions (Gonçalves, et al., 2014) . Our results revealed that midfielders were the most prominent players during the attack building (greater value of degree centrality), however greater values of prestige were observed in forwards. These interesting findings can be compared to previous results on formal matches. In the case of the attack building with ball circulation, values of formal matches revealed that midfielders are the most prominent in receiving and passing the ball (prestige and degree centrality, respectively) (Clemente, et al., 2015a) . Nevertheless, in attack transitions (counter-attack) forwards are the most prominent in receiving (prestige) (Malta & Travassos, 2014) . Thus, it can be suggested that some of the formats applied in our study lead to an increase of participation in forwards, thus possibly promoting specific situations similar to quick transitions or counter-attacks. Results are also in line with literature and for that reason it is possible to indicate that the task conditions used in the present study represent tactical demands similar to formal match in relation to the playing position specificities.
This study has some limitations, mainly related to the team composition criteria adopted during the task conditions. As previously shown in literature, the team composition criteria can potentially change the demands during small-sided games (Köklü, Ersöz, Alemdaroglu, Asxcxi, & Özkan, 2012 ). In the current study, players were assigned to a team based on their tactical skills and playing position. Considering that players with different positional roles in the formal match may have specific behaviors during both the game (Bush, et al., 2015) and small-sided and conditioned games (as shown in this article), it is possible to speculate that changing the team composition criteria (e.g. assigning three defenders to the same team) can modify athletes' behavior, including the cooperative patterns. For that reason, future studies must consider different team composition criteria in order to allow a better understanding of athletes' cooperative behavior during soccer SSCGs. Besides, since the current results were obtained in SSCG, future studies can also take place in formal game situations.
As regards practical applications, it is suggested that the task condition must be adjusted to the coaches' purpose for each training session. If the main purpose is to allow players to experience cooperative behaviors in order to achieve the game objectives (e.g. scoring a goal, keeping ball possession or recovering the ball), the 4vs.3 condition appears to be more suitable. On the other hand, tasks with a condition of numerical equality between the teams (e.g. 3vs.3) and with support players on the sides of the field (3vs.3+2) can be more suitable if the coaches' main purpose is to develop individual behaviors, namely those related to the attackerdefender dyad, for example the management of the interpersonal distance (Headrick, et al., 2012) .
In summary, both the task conditions and playing position have influenced the network properties during small-sided and conditioned games. This result addresses two important issues for future research related to SSCG and the use of this training tool. Firstly, the network analysis represents a novel tool applied in order to better understand the cooperation characteristics during different task conditions. This may lead researchers to access important game properties, which can result in a better training planning. Besides, the use of task conditions with additional floater players is recommended when the development of coordination patterns during the offensive phase is the main purpose of the coach. Secondly, considering that some players can be more prominent during SSCG depending on their playing position, it is important to develop task conditions in which players can experience different roles (e.g. changing the team composition criteria, including just defenders in a specific team) and thus improve their tactical skills as a whole.
